Abstract The Japan Sea is directly influenced by the Asian monsoon, a system that transports moisture and heat across southeast Asia during the boreal summer, and is a major driver of the Earth's ocean-atmospheric circulation. Foraminiferal and facies analyses of a 460 kyr record from IODP Expedition 346 Site U1427 in the Japan Sea reveal a record of nutrient flux and oxygenation that varied due to sea level and East Asian monsoon intensity. The East Asian summer monsoon (EASM) was most intense during MIS (Marine Isotope Stage) 5e, 7e, 9e and 11c when the Tsushima Warm Current flowed into an unrestricted well mixed normal salinity Japan Sea. Whereas East Asian winter monsoon (EAWM) conditions dominated MIS 2, 4, 6 and 8 when sea level minima restricted the Japan Sea resulting in low salinity and oxygen conditions in the absence of Tsushima flow. Reduced oxygen stratified, low salinity, higher productivity oceanic conditions characterise terminations TV, TIII, TII and TI when East China Sea Coastal Waters breached the Tsushima Strait. Chinese loess, cave and Lake Biwa (Japan) and U1427 proxy records suggests EASM intensification during low to high insolation transitions whereas the strongest EAWM prevailed during lowest insolation periods or high to low insolation transitions. Icesheet/CO2 forcing lead to the strongest EAWM events in glacials and enhanced EASM in interglacials. Mismatches between proxy patterns suggests latitudinal and land/sea thermal contrasts played a role in East Asian monsoon variability suggesting a complex interplay between ice sheet dynamics, insolation and thermal gradients controls monsoonal intensity.
Introduction
The semi-enclosed Japan Sea on the northwest margin of the Pacific (Figure 1 ) is an ideal region to investigate the interaction between the ocean, climate and sea level variability. The oceanography of the region is influenced by the Asian monsoon, a system that transports moisture and heat across southeast Asia during the boreal summer, and is a major driver of planetary atmospheric circulation (Cheng et al., 2016) . The Japan Sea is primarily connected to the open ocean via two shallow straits (130-140 m deep) and because of this it has been strongly affected by the consequences of Pleistocene glacio-eustatic variability. Previous studies based on the analyses of microfossil, sedimentary and oxygen isotope proxies show highly variable oxygenation and salinity conditions over the last 160 kys was driven by ice volume, primarily varying with eccentricity influence and this affected East Asian summer monsoon (EASM) variability (Tada et al., 1995 (Tada et al., , 1999 (Tada et al., , 2018 Watanabe et al., 2007; Usami et al., 2013) . The current well-mixed open ocean circulation mode of the present Japan Sea is similar to Marine Isotope Stage (MIS) 5e (Tada et al., 1999 ), yet during glacial maxima the Japan Sea was isolated. This change caused the surface salinity to decrease (as a result of an imbalance between precipitation and evaporation) and the resulting density stratification caused reduced oxygen bottom waters in MIS 2 and 6 (Oba et al., 1991; Tada, 1994; Tada et al., 1999; Usami et al., 2013) . Periodic intrusions of relatively lower salinity, nutrient-rich waters into the Japan Sea from the East China Sea from MIS 3 to 5d was the result of an enhanced East Asian summer monsoon (EASM) which led to higher surface productivity and weaker oceanic circulation (Tada et al., 1999; Watanabe et al., 2007; Usami et al., 2013) .
The oceanographic and climatic history of the Japan Sea prior to 160 kyrs is poorly constrained.
The glacial to interglacial mode described for the Japan Sea is interpreted to have likely started with the onset of the large amplitude climate cycles during the Middle Pleistocene Transition at ~0.8 Ma (Tada, 1994) . Tsushima Warm Current inflow via an open Tsushima Strait has intermittently occurred over the last few million years during highstands (Kitamura et al., 2001; Hoiles et al., 2012; Gallagher et al., 2015; Itaki, 2016) . Longer-term climate records adjacent to Site U1427 from Lake Biwa (LB; Figure 1 ), central Japan (Nakagawa et al., 2008) and Chinese loess (Hao et al., 2012; Sun et al., 2015 ; Figure 1 ) records show that 100 kyr eccentricity and 41 kyr obliquity cycles dominate monsoon intensity and precipitation.
The relationship between these terrestrial climate records and 460 kyr oceanographic history of the Japan Sea offers tantalizing glimpses in to the complex interaction between sea level and monsoonal dynamics in the Japan Sea. Similarly, multiple proxies reveal a highly variable ventilation history over this period.
Integrated Ocean Drilling Program (IODP) Expedition 346 cored a series of sites in 2013 in
the Japan Sea to obtain a continuous 5 Ma sedimentary record of Asian monsoon history (Tada et al., 2015a; Tada et al., 2018) . The focus of this study is IODP Site U1427 (Tada et al., 2015b (Tada et al., , 2018 Sagawa et al., 2018) , adjacent to the western Japanese coastline underneath the main branch of the Tsushima Warm Current (Figure 1 ). We use sedimentary physical properties and facies, and benthic and planktic foraminiferal assemblage analyses of this section to reveal a high-resolution paleoceanographic history of the southern Japan Sea over the last 460 kyrs.
The data reveal the strong relationship between sea level, monsoon and ocean variability over the last five glacial/interglacial cycles.
Oceanographic setting
The Japan Sea is a semi-closed marginal sea in the northwest Pacific. Its area exceeds 1,000,000 km 2 with and an average depth of 1350 m (Oba et al., 1991; Tada, 1994; Tada et al., 1999) .
The sea is connected to the East China Sea through the Tsushima Strait (< 140 m), to the Pacific Ocean via the Tsugaru Strait (< 130 m), and to the Okhotsk Sea through the Soya (< 55 m) and Strait to the Okhotsk Sea, the rest flows to the northern Japan Sea where it sinks to the bottom as it cools down to temperatures near 0°C (Suda, 1932; Moriyasu, 1972; Gamo and Horibe, 1983) . This low temperature (0.1-0.3 °C), low salinity (34) and high dissolved oxygen concentration (>210 µmol/kg) homogenous water mass is the Japan Sea Proper Water (JSPW).
JSPW dominates depths below 300 m (Oba et al., 1991; Tada et al., 1999; Ohta et al., 2015) and bathes the region around IODP Site U1427. property measurements (Tada et al., 2015a) and additional %carbonate data. Natural Gamma Radiation (NGR) logging was carried out on wholeround core though the section. Postcruise U, Th and K elemental concentrations were extracted from the shipboard NGR spectral measurements using a least-squares method (see de Vleeschouwer et al., 2017) . A colour reflectance spectrometer (Ocean Optics sensor) measured L* lightness, a* redness (positive) versus greenness (negative), and b* yellowness (positive) versus blueness (negative) of the strata. Carbonate content analyses using the volumetric technique of Wallace et al. (2002) was carried out on one hundred and sixty five samples (Figure 2 ). b* is illustrated (Figure 2) as it was found to be related to relative carbonate content (Tada et al., 2015b) . The age model used in this work ( Figure 2 ; Table 1 ) is from Sagawa et al. (2018) who constructed a detailed calibration using radiolarian biostratigraphy, tephrochronology and benthic foraminiferal isotope correlations to the LR2004 stack (Lisiecki and Raymo, 2005) .
Site location and Methods

IODP
The sediment size is mainly silt (Figure 2 ), subdivided it into three main facies types:
calcareous silt (with relatively high %carbonate (>5%) and b* and low NGR values), clayey silt (with high NGR values and low %carbonate (<5%) and b*) and silt (low NGR values and low %carbonate). When a sand component was recognised during visual core description, the facies were designated "sandy". One hundred and sixty-three samples were processed for foraminifera by standard microfossil techniques for paleoenvironmental analyses (with emphasis on sea surface conditions and paleoproductivity proxies). The samples were split (using a micro-splitter) into several fractions. Quantitative benthic and planktic assemblage data were compiled from the >150m fraction. The foraminiferal data are expressed as a percentage of the total fauna (eg. %plankton and %miliolids) or as a percentage of the calcareous benthic or planktic assemblage. Foraminiferal concentrations are expressed as numbers of foraminifera per gram of dry sediment (Figure 3 ).
Conditions within and on the seabed are interpreted using facies and benthic foraminiferal assemblage data. Sea surface conditions are determined using planktic foraminiferal assemblage data (Figure 4 , 5) and comparisons with modern regional analogues (Kuroyanagi and Kawahata, 2004; Domitsu and Oda, 2005) . Benthic foraminifera (Figure 6 , 7) are sensitive indicators of bottom water conditions as they show variability related to dissolved oxygen and nutrient availability world wide (Kaiho, 1994; Jorissen, 1999; Gooday, 2003; Jorissen et al., 2007) . Specific benthic foraminifer assemblage comparisons (in this work, Table 2 ) to modern analogues off Japan (Fontanier et al., 2014) and in the Okhotsk Sea (Bubenshchikova et al., 2008 (Bubenshchikova et al., , 2015 allow fossil assemblages to be interpreted in their Figure 3 ) whereas values less than this are from more restricted marine and marginal marine environments. Bioturbation intensity is also strongly related to sea bed oxygenation (Watanabe et al., 2007) . In this work the terms anoxic = 0.1 O 2 ml/l, dysoxic = 0.1-0.3 O 2 ml/l, suboxic = 0.3-1.5 O 2 ml/l and oxic = >1.5 O 2 ml/l (sensu Kaiho, 1994) .
Results
Facies and physical properties
The sediment facies at IODP Site U1427 are strongly cyclic (Figure 2 ). In other intervals, foraminiferal abundance varies from 50 to 500 foraminifera/g. Maxima numbers of benthic foraminifera generally correspond to the abundance maxima described above, however, they are relatively common in MIS 11, near the start of MIS 9 and MIS 7. The relative abundance of planktic foraminifera varies markedly, ranging from 10% to 100% with an average of ~55% ( Islandiella norcrossi is the dominant species in the section making up >40-50% of the benthic rotaliid assemblage. It is most abundant from MIS 10 to the base of MIS 7 and rarest above this level in MIS 7, MIS 6 and MIS 2. Uvigerina spp. abundance fluctuate markedly.
Spinose/striate Uvigerina spp. peak in MIS 11 with variable maxima and minima from MIS 9
to MIS 7 reaching a maximum at the base of MIS 6. The distribution of spinose/striate
Uvigerina is highly variable from MIS 5e to MIS 1 with a minimum during MIS 2. Uvigerina akitaensis abundance is generally low however, this taxon shows maxima at the base of MIS 11, top of MIS 8, base of MIS 6 and from MIS 4 to MIS 3.
The interval from the start of MIS 9 to the end of MIS 6 is characterized by short-lived peaks of less common benthic foraminiferal taxa. Taxa such as Gobobulimina pacifica (Figure 6f) and Fursenkoina bradyi peak at ~170 ka, ~160 ka and ~120 ka. Periodic maxima of neritic taxa The clayey and sandy facies in lowstands reflects a closer proximity to the shelf edge and source of siliciclastics from regional fluvial systems, in the absence of inflow through the Tsushima Strait with the isolation of the Japan Sea (Tada, 2004) . The lack of calcareous facies during these times may be due to a combination of dilution by siliciclastics (especially during periods with high sedimentation rates during Terminations V and IV and prior to TII, Figure   3 ) and/or decreased sea surface productivity (Tada et al., 1999; 2007) . The predominance of clay (with high NGR values) during the glacials is likely related to eolian dust influx associated Chinese loess deposition (de Menocal et al., 1992) . Intervals with increased Th/K and Th/U values in Site U1427 are interpreted to be related to increased aridity and dust influx (cf. Tsushima Warm Current conditions prevailed during MIS 1, MIS 5e, MIS 9 and in particular during the "exceptionally" warm interglacial period MIS 11 (Droxler et al., 2003) . Other intervals lack faunal evidence for strong Tsushima Warm Current influence, suggesting that optimal conditions for this current to reach the Japan Sea were only facilitated by the highest interglacial sea levels in the Tsushima Strait. In contrast, the lack of any fauna (planktic or benthic) during glacial maxima MIS 12, MIS 10 and intermittently during MIS 6, suggests periods of reduced oceanic productivity during the lowest sea levels (see section below).
Sea bed conditions
The majority of the benthic foraminiferal assemblages in U1427 are less diverse than other Table   2 ). Islandiella norcrossi are found at depths from 150 to 1500 m in suboxic to oxic organic rich sediment with moderate to high seasonal surface productivity and relatively high stable sea bed salinity (Hasegawa, 1979; Inoue, 1989; Usami et al., 2013; Bubenshchikova et al., 2015) . Table 2 ). Uvigerina spp. typically are associated with sustained organic flux and/or dysoxic conditions at the seafloor and within the uppermost few centimeters of the sediment (Gooday, 1993; Jorissen et al., 1995 Jorissen et al., , 2007 Jorissen, 1999) .
Uvigerina akitaensis inhabits organic rich sediments associated with high surface productivity and dysoxic to anoxic conditions (Fontainier et al., 2014; Bubenshchikova et al., 2015, Table   2 ) at depths greater than 200 m in the Japan Sea (Hasegawa, 1979; Matoba and Fukasawa, 1992) . Spinose striate Uvigerina species such as U. cf. graciliformis inhabit slightly more oxic conditions with a lower organic flux than U. akitaensis (Fontainier et al., 2014; Bubenshchikova et al., 2008 Bubenshchikova et al., , 2015 at depths greater than 100 m (Ujiié et al., 1983) . and C. refulgens (Hasegawa, 1979; Akimoto and Hasegawa, 1989; van Hinsbergen et al., 2005) are typically oxic taxa (Kaiho, 1994) . Overall, the dominant benthic assemblages at Site U1427
Globocassidulina subglobosa, Cibicidoides pachyderma and
suggest that site remained bathed in suboxic to oxic conditions above the dysoxic zone (Tada et al., 2007) for most of the last 460 kyrs. However, there were considerable variations in nutrient flux and intervals with lower oxygen conditions.
The minimal low diversity benthic fauna (with less than five benthic foraminifera/g sediment, Figure 3 ), absence of bioturbation and presence of laminations suggests periodic oxygen minimum zone conditions and/or reduced oceanic productivity during glacial maxima. Some of these horizons (MIS 8, MIS 6 and MIS 2) are equivalent to the glacial maxima dark layers deposited in the deeper water core MD01-2407 north of Site U1427 (Figure 1 ), reflecting stratified shallow (<237 meters paleodepth) low oxygen events across the Japan Sea (Tada, 1994; 2018; Kido et al., 2007; Watanabe et al., 2007; Usami et al., 2013) . Similar to Okhostok Sea (Bubenschchikova et al., 2015) , reduced oxygen and stratified oceanic conditions prevailed during terminations TV, TIII, TII and TI. These conditions weakened in the later stages of each deglaciation and became much weaker during interglacial periods representing the well-mixed aerobic interglacial "mode" of the Japan Sea (Tada, 1994; Watanabe et al., 2007; Usami et al., 2013) . Intense fluctuating OMZ conditions during MIS 7-MIS 6 and MIS 4-MIS 3 were followed by oxic and low organic flux conditions (MIS 6 and MIS 3/2) suggesting that enhanced oceanic mixing and oxygenation typified the onset of glacial conditions. The Over the last 460 kyrs nutrient flux, salinity and relative oxygenation has varied markedly ( Figure 9 , 10) at Site U1427. Much of this variability is related to sea level fluctuations during glacial maxima such as dysoxia and low oceanic productivity causing foraminiferal faunal minima during MIS 12, MIS 10, MIS 6 and MIS 2, and Tsushima Warm Current planktic assemblage and diverse benthic foraminiferal influxes during interglacial maxima. However, planktic foraminiferal assemblage variability also seems to be modulated by the relative intensity of the East Asian winter and summer monsoons.
The distribution of the common planktic species Globigerina bulloides and G.
quinqueloba at Site U1427 is related to salinity (relative influence of EACSW and JSCW) and sea surface nutrient flux. Peaks of these taxa commonly coincide with enhanced monsoonal conditions (Figure 9 ), suggesting regular surface plankton blooms particularly during the EASM. Similar patterns in the relative abundance Globigerina bulloides are used as upwelling and nutrient flux indicators signifying Indian monsoon intensification in the Arabian Sea (Kroon et al., 1991) . Globigerina bulloides maxima occur in MIS 11, MIS 9/MIS 8 (part) and MIS 5 due to increased fresh water influx from the East China Sea (EACSW) during enhanced East Asian summer monsoon conditions when sea levels were high enough to breach the Tsushima Strait. However, when this strait was restricted by lower sea level (during MIS 8, MIS 7 and MIS 6) maxima of G. quinqueloba reflect fresh water influx from Japan (JSCW) during the East Asian summer monsoon (Figure 8 ). The pattern of peaks of Globigerina spp.
during the winter monsoon is not as distinct as the summer, occasionally maxima coincide with enhanced EAWM during MIS 10, MIS 7, MIS 6 and MIS 2.
Conclusions
The semi-enclosed Japan Sea is ideal region to investigate the interaction between the ocean, climate and sea level variability. The typical interglacial/glacial mode for the deep water (>1000 m) Japan Sea is well documented for the last ~160 kyrs (Tada et al., 1999; Usami et al., 2013) Previous analyses of glacial/interglacial planktic foraminiferal distribution suggests that modern assemblages typify interglacial warmer Tsushima Warm Current "anomalies" in the predominantly cold Japan Sea over the last 160 ka. At Site U1427 brief ingressions of surface water dwelling subtropical oligotrophic Globigerinoides ruber and the warmer water deeper dwelling Neogloboquadryina incompta suggest "modern" Tsushima Warm Current conditions prevailed during MIS 1, MIS 5e, MIS 9 and were especially strong during MIS 11. Other intervals lack Tsushima Warm Current planktic foraminifera, suggesting that optimal conditions for this current to reach the Japan Sea were only facilitated by the highest interglacial sea levels in the Tsushima Strait. The subpolar to polar Neogloboquadryina pachyderma is the most common planktic species in the section suggesting cold (~5°C average) oceanic conditions prevailed in all but the glacial/interglacial maxima over the last 460 kyrs.
The lack of planktic and benthic foraminifera, absence of bioturbation and presence of laminations suggests periodic reduced oxygen conditions during many glacial maxima, suggesting enhanced oceanic stratification during some periods of lowest sea level (cf. Tada et al., 2007) . Similar to Okhostok Sea (Bubenschchikova et al., 2015) stratified lower oxygen conditions characterise terminations TV, TIII, TII and TI (Figure 10 ). These conditions weakened during interglacial periods when the Japan Sea transitioned to a well-mixed aerobic interglacial "mode" (Figure 10, Tada, 1994; Watanabe et al., 2007; Usami et al., 2013 ).
Fluctuating OMZ conditions followed by oxic low organic flux conditions during the onset of glacial periods suggest enhanced oceanic mixing and oxygenation was associated with the isolation of the Japan Sea during the lowest sea levels.
While the facies and foraminiferal variability at Site U1427 is controlled by relative sea level the biofacies patterns also reflect East Asian monsoon variability. The middle to late Pleistocene history of the East Asian winter and summer monsoons has been interpreted from palynofloral records in Lake Biwa, Japan (Nakagawa et al., 2008) , Chinese speleothem (Cheng et al., 2016) and loess (Hao et al., 2012; Sun et al., 2015) data ( China Sea during the East Asian summer monsoon when sea levels were high enough to breach the Tsushima Strait. However, when the Tsushima Strait was restricted by lower sea level, Insolation forcing is a strong control on the monsoonal intensity in loess, cave and lake records in the region. However, the fact that the strongest EAWM events prevail in glacial phases whereas several enhanced EASM periods typify interglacial phases suggests glacial/interglacial (ice volume, CO2) forcing of the monsoonal system. Apparent mismatches between the Chinese and Japanese East Asian monsoonal intensity between proxies suggests latitudinal and land/sea thermal contrasts also have role to play in East Asian monsoon variability. This suggest a complex interplay between ice sheet dynamics, insolation and thermal gradient controls the nature and intensity of the East Asian monsoon.
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